Introduction
Obesity is an independent risk factor for venous thromboembolism (VTE), increasing the risk by 2-to 6-fold compared with nonobese patients [1] . Obesity amplifies the effects of other VTE risk factors, such as surgery, medical illness, and use of hormone therapy [2] . The risk of recurrent VTE was shown to be nearly linear in relationship to increasing body weight in the absence of anticoagulation [3] . Rivaroxaban is a direct-acting oral anticoagulant (DOAC) approved for acute VTE treatment, including deep-vein thrombosis (DVT) and pulmonary embolism (PE), using a fixed-dose regimen with no requirement for routine monitoring of anticoagulant activity [4] [5] [6] . Pharmacokinetic and pharmacodynamic studies have found no effects of high body weight on the peak plasma concentration, distribution, or half-life of rivaroxaban, which is likely the result of a low volume of distribution of the drug [2, [7] [8] [9] . Previous small studies that evaluated the risks of recurrent VTE and major bleeding relative to body weight comparing rivaroxaban with enoxaparin and vitamin K antagonist therapy found no association in adverse outcomes between body weight or body mass index (BMI) for patients who received rivaroxaban [2, 10, 11] . No dosage adjustment is indicated for patients with body weight > 120 kg in the rivaroxaban product labeling [4] .
Despite these data, concerns about the use of anticoagulation in morbidly obese patients stem from the potential for altered drug pharmacokinetics at body weight extremes and a lack of robust clinical data with the DOACs in this population [2, 9, 12] . In 2016, the Scientific and Standardization Committee (SSC) of the International Society of Thrombosis and Haemostasis (ISTH) conducted an obesity subgroup analysis of available phase 3 clinical trial data on DOACs [12] . The committee concluded that DOACs are safe and effective in obese patients with BMI ≤40 kg/m 2 or body weight ≤120 kg. However, limited data were available for patients with morbid obesity, defined as BMI > 40 kg/m 2 or body weight > 120 kg. Based on the theoretical potential for decreased drug exposures, reduced peak concentrations, and shorter half-lives among morbidly obese patients and a lack of robust clinical data, the committee suggested that DOACs should not be used in this population for fear of potential underdosing. The committee also indicated that if DOACs are used in patients with morbid obesity, measurement of anticoagulant activity should be considered using specific monitoring, including anti-FXa for apixaban, edoxaban, and rivaroxaban; ecarin clotting time or dilute thrombin time with appropriate calibrators for dabigatran; or mass spectrometry drug level for any of the DOACs.
Given these concerns, large scale studies are needed in morbidly obese patients that focus on clinical outcomes such as VTE recurrence and major bleeding related to DOAC treatment for VTE. In addition, healthcare resource utilization and cost analyses between DOACs and conventional therapy with warfarin for VTE management are lacking in this population. Using a large US healthcare claims database, we compared the effectiveness, safety, healthcare resource utilization, and costs of rivaroxaban and warfarin in morbidly obese patients.
Materials and methods

Study design
We conducted a retrospective cohort study that combined 2 databases providing data for a 5-year period from 2011 to 2016. The Truven MarketScan Commercial Claims and Encounters database contained inpatient admission records, outpatient services, prescription drugs, enrollment status, and costs of medical services and drugs for approximately 138 million unique de-identified persons insured by employer-sponsored plans. The Truven MarketScan Medicare Supplemental database contained person-specific clinical utilization, cost, and enrollment across inpatient, outpatient, prescription drug, and carve-out services for Medicare-eligible active and retired employees and their dependents from employer-sponsored supplemental plans. Two analyses were conducted: an intent-to-treat (ITT) analysis, in which patients were followed until the first event of interest or censored at the end of the 12-month observation period, and an on-treatment analysis that included patients from treatment initiation to discontinuation.
Study population
Adult patients with ≥1 medical claim with a VTE diagnosis (ICD-9: 451. September 30, 2016 . The date of first qualified VTE diagnosis at any place of service and in any position was the diagnosis index date. Patients were required to have initiated treatment with either rivaroxaban or warfarin, based on ≥1 pharmacy claim for either agent, within 28 days of the VTE diagnosis index date. The first pharmacy claim date for rivaroxaban or warfarin was the drug index date. The baseline period was a minimum continuous health plan enrollment period of 12 months before the diagnosis index date. Due to a lack of BMI data in claims databases, ≥1 diagnosis of morbid obesity based on ICD-9/10 codes (ICD-9: 278.01, V85.4; ICD-10: E66.01, E66.2, Z68.4) was required during the 12-month baseline period through 3 months after the drug index date (follow-up period) for study inclusion [13] . Patients were excluded if they had a diagnosis of VTE or atrial fibrillation (AF) at any time prior to the diagnosis index date or if they had an oral anticoagulant prescription prior to the drug index date.
Study outcomes and variables
The primary outcome compared between treatment cohorts was the risk of recurrent VTE, defined as a hospitalization (inpatient service) or emergency room (ER) visit with a primary diagnosis of VTE during the follow-up period and calculated as the number of patients with recurrent VTE (DVT or PE) divided by the total number of patients in the treatment cohort. The mean (standard deviation [SD]) number of recurrent VTE events per patient per year (PPPY) and the time-to-first event (from drug index date to first event during follow-up) were determined. Secondary outcomes included major bleeding risk, healthcare resource utilization, and costs. A major bleeding event was defined using a validated claims-based algorithm [14] during the follow-up period in the primary position, and risk, number of events, and time-toevent measures were calculated as per the primary outcome.
All-cause healthcare resource utilization and costs incurred during the follow-up period were reported for each treatment cohort. The frequency and proportion of patients who had ≥1 visit and the mean (SD) number of visits for hospitalization (including mean [SD] length of stay), ER, physician office, outpatient visits (which included INR monitoring), skilled nursing facility (SNF) and pharmacy prescription (s) were included in all-cause healthcare resource utilization. All costs were inflated to 2016 US dollars and reported as total medical cost (i.e., costs for hospitalization, ER, physician office, outpatient visits, and SNF/long-term care), and total pharmacy prescription cost for all medications. Limited data on anti-FXa measurement for rivaroxaban were available in the databases.
The mean (SD) duration of index treatment was measured during the follow-up period and defined as the number of days that elapsed between the prescription index data and the time of discontinuation of index medication. Discontinuation was defined as no subsequent index medication dispensing prior to the end of the 60-day maximum permissible gap of dispensing. Switching or adding another anticoagulant was not considered discontinuation of the index medication in the ITT analysis. The proportion of days covered as calculated as the ratio of the number of days covered by the index medication prescription dispensed during the follow-up period divided by the number of days of follow-up. Patients with a proportion of days covered ratio ≥0.80 were considered adherent to index therapy.
The mean (SD) time from diagnosis index date to drug index date was determined. Demographic variables, including age, gender, and insurance type (commercial or Medicare), were evaluated on the drug index date. During the 12-month baseline period, the Quan-Charlson Comorbidity Index (QCI) [15] was used to measure the general status of comorbid conditions, individual comorbid conditions were identified by diagnosis codes, and the modified RIETE score (for lack of data for creatinine variable) stratified a patient's risk of major bleeding with anticoagulation for DVT or PE [16] . The RIETE score ranges from 0 to 8, with 0 indicating low risk, 1 to 4 indicating moderate risk, and 4.5 to 8 indicating high risk. The frequency and proportion of patients who had ≥1 prescription medication and mean (SD) number of different pharmacy prescriptions used were reported.
Statistical analysis
Propensity score matching techniques were used to create comparable rivaroxaban and warfarin cohorts at a 1:1 ratio. All demographic and baseline clinical characteristics (Supplemental Table 1 ) were considered as potential confounders and used to construct the logistic regression model that calculated propensity scores for each patient. Treatment cohorts were considered well-balanced for a given variable if the standardized difference between the groups was ≤10%.
Multivariable regression models compared outcomes between propensity score matched treatment cohorts. Outcomes were reported as PPPY to adjust for various lengths of follow-up time. Conditional logistic regression models were used to model the expected risk of events as a function of the independent variable (rivaroxaban vs warfarin) and covariates. Odds ratios (OR), 95% confidence intervals (CI), and P values were calculated. For the number of events and visits, general linear models using negative binomial or Poisson distribution and a logarithm link function were used to report mean difference, 95% CI, and P values. Conditional Cox proportional hazards models were used to calculate the hazard ratio and corresponding 95% CIs and P values for time-to-first event. The multivariable model was adjusted for index VTE type (DVT, PE, or both) and time between treatment initiation and VTE diagnosis (≤7 days vs > 7 days) for risk and number of events and time-to-first event. Costs were compared using general linear models with gamma distribution and a logarithm link function. All statistical analyses were conducted using SAS Enterprise Guide 7 (Cary, NC).
Sensitivity analyses
A sensitivity analysis was conducted to evaluate the effect of a 30day permissible gap for discontinuation of index medication. Two additional sensitivity analyses were performed to restrict recurrent VTE events to 1) patients with recurrent VTE as primary diagnosis code in the inpatient setting during the follow-up period (i.e., excluding those with only ER claims) and 2) patients with recurrent VTE as primary diagnosis code in the inpatient setting and imaging code in the primary position during follow-up.
Results
Across the 2 databases, 125,267 adult patients met entry criteria with ≥1 medical claim for a diagnosis of VTE, ≥1 pharmacy claim for rivaroxaban or warfarin within 28 days of VTE diagnosis, and 12 months of continuous plan enrollment prior to the index date. Patients were excluded for prior diagnosis of VTE or AF (n = 40,850) and oral anticoagulant use before the drug index date (n = 12,622). Of the 64,997 with continuous enrollment within 3 months following the drug index date, morbid obesity was present in 7342 (11%) patients. Demographic and baseline characteristics for patients before propensity score matching are shown in Table 1 . Patients receiving warfarin were older, were more likely to be female, had ≥1 hospitalization, and had higher risk scores and more comorbidities compared with those receiving rivaroxaban. Significant differences between treatment cohorts were found for all characteristics, except for average number of different pharmacy prescriptions. Propensity score matching was successful for 2890 matched pairs of patients with VTE and morbid obesity who initiated treatment with either rivaroxaban or warfarin ( Table 1 ).
The mean time between VTE diagnosis and treatment start was 14 days. A low proportion of patients received low molecular weight heparin (rivaroxaban: 8.0%; warfarin: 12.7%) or unfractionated heparin (rivaroxaban: 2.7%; warfarin: 3.4%) prior to initiating treatment. Most patients in the rivaroxaban cohort (~80%) were initiated on the 15-mg BID dose. The mean duration of index treatment was 181 days for the rivaroxaban cohort and 193 days for the warfarin cohort (difference in means, −11.93; 95% CI: −17.98, −5.89; P = 0.0001). The treatment groups had a similar proportion of days covered, with a mean of 0.62 for rivaroxaban and 0.63 for warfarin, and 40% and 41% of patients, respectively, achieved > 0.80 days covered. A sensitivity analysis using a 30-day permissible gap for discontinuation found a similar average proportion of days covered (0.61-0.63) in both cohorts. The mean follow-up time was 10.0 months and 10.5 months for rivaroxaban and warfarin, respectively, in the ITT analysis. The rivaroxaban cohort averaged 1 anti-FXa test PPPY (with 0.8% of rivaroxaban patients receiving this test), while the average number of INR tests PPPY for warfarin users was 14. QCI, Quan-Charlson comorbidity index; SD, standard deviation. a A standard difference ≥ 10% was considered significant.
Intent-to-treat analysis
Among 944 patients with recurrent VTE, 43.8% were inpatients, 49.1% were in the emergency room, and 7.2% had inpatient and ER claims. The risk of recurrent VTE, defined by inpatient and ER claims, was not significantly different between patients receiving rivaroxaban (16.8%) and those receiving warfarin (15.9%) in the ITT analysis (OR: 0.99; 95% CI: 0.85, 1.14; P = 0.8443) ( Table 2 ). The number of recurrent VTE events PPPY was also similar between groups (rivaroxaban, 0.24; warfarin, 0.25; P = 0.2234). The time-to-first recurrent VTE event was 52 days with rivaroxaban compared with 58 days with warfarin, and the difference between treatment cohorts was not significant (P = 0.7259).
Sensitivity analyses restricted to recurrent VTE events in the inpatient setting that included a primary diagnostic code for imaging to differentiate recurrent VTE from history of VTE substantially reduced the overall rates of recurrent VTE. The risk of recurrent VTE for patients with ≥1 inpatient hospitalization with a primary diagnosis code for VTE during follow-up was 8.1% with rivaroxaban and 8.6% with warfarin (OR: 0.93; 95% CI: 0.77, 1.12; P = 0.4388) ( Table 3 ). The risk of recurrent VTE was further reduced by including the requirement for a primary imaging code among patients with ≥1 inpatient hospitalization and a primary diagnosis code for VTE during follow-up: rivaroxaban, 3.0% and warfarin, 2.6% (OR: 0.94; 95% CI: 0.37, 2.38; P = 0.8877) ( Table 3 ).
The risk of major bleeding was significantly lower with rivaroxaban compared with warfarin in the ITT analysis (1.8% vs 2.5%; OR: 0.66; 95% CI: 0.45, 0.98; P = 0.0388) ( Table 4 ). The number of major bleeding events PPPY was similar for both groups (rivaroxaban, 0.02; warfarin, 0.03; P = 0.0937) and the mean time-to-first event was 82 days for rivaroxaban and 105 days for warfarin (P = 0.0831).
All-cause healthcare resources were used less frequently by patients receiving rivaroxaban compared with those receiving warfarin in the ITT analyses (Table 5 ). Specifically, hospitalizations (OR: 0.86, 95% CI: 0.77, 0.96; P = 0.0057) and outpatient visits (including INR monitoring; OR: 0.23, 95% CI: 0.10, 0.56; P = 0.0012), were significantly lower with rivaroxaban versus warfarin, respectively. Total medical costs PPPY were significantly lower by an average of $2829 (95% CI: −$5048, −$457; P = 0.0201) for rivaroxaban patients compared with warfarin patients ($34,824 vs $37,653) ( Fig. 1) . The difference in total medical cost in the ITT analysis was driven primarily by hospitalization costs ($15,552 vs $18,320, mean difference: −$2767, 95% CI: −$4849, −$364; P = 0.0255). On average, total healthcare costs (including medical and pharmacy costs) PPPY were numerically lower with rivaroxaban by $1531 (95% CI: −$3953, $1036; P = 0.2370) compared to warfarin, but this difference was not statistically significant ($43,034 vs $44,565).
On-treatment analysis
Among 2832 matched pairs of patients who were followed from treatment initiation to discontinuation, the risk of recurrent VTE was not significantly different between rivaroxaban (14.8%) and warfarin (13.4%), with an OR of 1.02 (95% CI: 0.87, 1.20; P = 0.8343) ( Table 2 ). There were no significant differences between treatment cohorts for number of events PPPY (rivaroxaban, 0.34; warfarin, 0.32; P = 0.6370; Table 2 ). The time-to-first recurrent VTE was 30 days for each treatment.
There was no significant difference in the risk of major bleeding in the on-treatment analysis (rivaroxaban, 1.4%; warfarin, 1.8%, OR: 0.75, 95% CI: 0.47, 1.19, P = 0.2266; Table 4 ). The number of major bleeding events PPPY was also similar between groups (rivaroxaban, 0.03; warfarin, 0.04; P = 0.3915) and the mean time-to-first event was 69 days for rivaroxaban and 77 days for warfarin (P = 0.3637).
Similar to the ITT analysis, all-cause healthcare resource utilization was lower for patients receiving rivaroxaban compared with those receiving warfarin in the on-treatment analysis ( Table 5) , with significant differences for hospitalizations (OR: 0.87, 95% CI: 0.77, 0.98; (Fig. 2) . In the on-treatment analysis, average total healthcare costs PPPY were lower with rivaroxaban with a mean differnce of $2641 (95% CI: −$5123, −$14; P = 0.0489) compared to warfarin ($44,474 vs $47,123). estimating the proportion of at-risk patients who had ≥1 major bleeding event during follow-up. c Patients were followed from treatment initiation to discontinuation (switching or adding another anticoagulant was censored in the on-treatment analysis). 
Discussion
The present study is the largest of its kind using a real-world database of healthcare claims comparing clinical outcomes of rivaroxaban and warfarin for the treatment of VTE in morbidly obese patients. We found that patients with morbid obesity initiating and continuing rivaroxaban or warfarin had similar risks of recurrent VTE and major bleeding. As < 1% of rivaroxaban-treated patients had an anti-FXa test, these outcomes provide reassurance for clinicians that patients with morbid obesity treated with rivaroxaban for VTE have similar outcomes to standard warfarin, without the need for routine anti-FXa measurement as suggested by the 2016 ISTH Guidance statement [12] .
The results of this claims database analysis are consistent with data from randomized clinical trials, EINSTEIN DVT and EINSTEIN PE, which found that fixed-dose rivaroxaban compared with enoxaparin/ VKA was not associated with an increased risk of recurrent VTE or major bleeding in patients with high body weight [2] . Additionally, the multicenter, noninterventional XALIA study found no significant differences in rates of recurrent VTE or major bleeding among patient subgroups based on body weight with rivaroxaban versus standard anticoagulation therapy for treatment of VTE in routine clinical practice [11] . The Dresden non-vitamin K antagonists oral anticoagulants (NOAC) registry examined prospectively collected data to evaluate the impact of BMI on cardiovascular events, major bleeding, and all-cause mortality [10] . Overall, rates of all clinical outcomes were lowest among overweight and obese patients compared with normal-weight patients, which suggested that elevated BMI was not associated with a lack of DOAC effectiveness or safety.
Despite similarities between treatment groups, the VTE recurrence risk of approximately 16% in both groups in this analysis was higher than rates reported in clinical trials and observational studies, as well as previous small outcome studies in morbid obesity [10, 11] . VTE is often a chronic condition, with annual recurrence rates of 5% to 10% [17, 18] . The risk is highest in the 6 to 12 months after stopping anticoagulant therapy. A specific explanation for the observed rate in the current study may be due to an increased risk of VTE in obese individuals [17, 19] . In a cohort study of 1107 patients followed for 46 months after a first VTE and withdrawal of anticoagulant therapy, the frequency of recurrent VTE at 4 years was 9.3% among patients with a normal BMI and 17.5% among obese patients (BMI ≥30 kg/m 2 ) [3] . The adjusted HR of recurrence was 1.6 (95% CI: 1.1-2.4; P = 0.02) for obese individuals compared with those of normal body weight. The population attributable risk of recurrent VTE corresponding to excess body weight was 26.8%. Other studies have shown a 2-fold or greater increase in the risk of VTE in obese patients [20] [21] [22] . Thus, obesity is an important risk factor for recurrent VTE and should be considered along with other risk factors when evaluating the need for anticoagulant therapy [23] . In this analysis, ER claims were included to capture patients who were treated and released because many patients with DVT and low-risk PE can be treated as outpatients [24] . Sensitivity analyses showed a 50% reduction in rate of recurrent VTE when only patients with a primary inpatient diagnosis of VTE were included. Furthermore, by restricting the recurrent VTE definition to a primary inpatient diagnosis and a primary imaging code during follow-up, the rate of recurrent VTE was further reduced (≤3%) and consistent with rates reported in randomized clinical trials. ER coding may be limited by differences in dataset availability and lack of specificity. An analysis of Medicare data identified differences in ER events based on provider versus facility claims, including overcounting ER events for patients who may have emergency services outside the ER [25] . Additionally, as more patients with VTE are evaluated for outpatient therapy, coding may be less specific in the ER. For example, diagnostic coding in the ER represents a snapshot in time and may change as new information is collected on a patient's clinical course, medical history, and various investigations [26] .
Another factor in the risk of recurrent VTE is persistence of anticoagulant therapy. A systematic review of 12 observational studies found the estimated persistence for 3, 6, and 12 months of therapy was 83%, 62%, and 31%, respectively [27] . Only 2 studies reported risk of VTE recurrence: patients who discontinued warfarin treatment within 3 months had a 45% increased risk compared with those who discontinued at or after 3 months and patients who were nonpersistent or discontinued within 12 months had a 48% increased risk compared with those who were persistent for 12 months. These data indicate that persistence of anticoagulant is suboptimal, worsens over time, and contributes to an increased risk of recurrent VTE. However, our data reassuringly suggests that comparable VTE recurrence rates of rivaroxaban versus warfarin exist across our primary outcome and subsequent sensitivity analyses.
To the authors' best knowledge, this is also the first study to assess healthcare resource utilization and costs between a DOAC such as rivaroxaban and warfarin in morbidly obese patients. Treatment with rivaroxaban was associated with significantly lower healthcare resource utilization, particularly for hospitalizations and outpatient visits, whether we used the ITT or on-treatment analysis. One contributing factor, particularly for outpatient visits, may be the lack of routine monitoring of the anticoagulant effect of rivaroxaban. In contrast, patients receiving warfarin had an average of 14 claims annually for INR monitoring, which is consistent with that found in real-world practice settings for warfarin monitoring [28] . Another contributing factor in lower healthcare utilization may have been the reduction in major bleeding with rivaroxaban when compared to warfarin as noted in ≥1 of our analyses (ITT), with numerically fewer major bleeding events with rivaroxaban in the on-treatment analysis that did not reach statistical significance. This observation of an improved safety profile of DOACs over warfarin has been consistently shown in the pivotal trials [6, 29, 30] . As a result of difference in healthcare resource utilization, total medical costs were significantly lower by nearly $3000 in the ITT analysis and by nearly $4800 in the on-treatment analysis for rivaroxaban patients compared with warfarin patients. When pharmacy costs were added to medical costs, total healthcare costs remained numerically lower for rivaroxaban versus warfarin but the difference was no longer statistically significant in the ITT analysis. In the on-treatment analysis, total healthcare costs were $2600 lower with rivaroxaban versus warfarin (P = 0.049). Rivaroxaban has previously been shown to be cost-effective compared to enoxaparin and vitamin K antagonist therapy with a savings of $2448 per patient based on the EINSTEIN trials [31] .
This study analyzed claims from 2 large databases and included geographically diverse patients that included > 40% of morbidly obese VTE patients who were treated with rivaroxaban, which suggests that this was a relevant subgroup to analyze; however, our results are likely more generalizable to a population of insured morbidly obese VTE patients and not the entire US population. The study is limited by the potential for inherent coding errors and inconsistencies in administrative claims data. These coding limitations may include the exact timing of VTE recurrence and treatment discontinuation. Based on previous studies about VTE recurrence [27, 32] , we expect that most events occur after treatment discontinuation. Selection bias was reduced with the use of propensity score matching, which took into account a wide range of potential measurable confounders, but residual confounding could not be excluded due to potential unmeasured confounders that were not included when matching our 2 cohorts. Longitudinal analysis of outcomes was accomplished by requiring ≥ 15 months of continuous health plan enrollment. The use of ITT and ontreatment analyses allowed consideration of continued anticoagulant use, with consistent results among both the ITT and on-treatment groups, although a claim for dispensed medication does not confirm that the medication was taken as prescribed. In addition, data regarding INR and time in therapeutic range for patients receiving warfarin were not available in the databases. The identification of morbid obesity by using diagnostic codes has been associated with substantial underreporting in administrative databases [13] . Although addition of height and body weight information would have been optimal to define morbid obesity, we were not able to do this in our analysis due to lack of uniform availability of these variables. However, the claims codes used in this study have previously been shown to have high specificity [13, 33] . Martin and colleagues found obesity coding was accurate with specificity of 98% and positive predictive value of 66% when it was coded in the database, and obesity coding could be used to identify a cohort for follow-up or outcome studies [13] . A recent study by Ammann and colleagues also confirmed high specificity (99%) of BMI-related codes for morbid obesity using the Optum Integrated Claims-Clinical Database [33] . Our study defined major bleeding using a validated claims-based algorithm [14] . Furthermore, a systematic review by Tamariz and colleagues demonstrated that the use of codes for both DVT and PE were associated with high positive predictive values for identifying a VTE event (65%-95%), which supports the accuracy of these codes for identifying VTE events in claims databases [34] . Finally, a prespecified exploratory analysis of morbidly obese patients who had undergone bariatric surgery was not possible due to very low patient counts (156 rivaroxaban and 267 warfarin patients).
To conclude, especially in light of perceptions that DOACs may be less effective due to relative underdosing in patients with increasing body weight, our data provide important information for morbidly obese patients with VTE. The risks of recurrent VTE and major bleeding were similar and suggest comparable efficacy of rivaroxaban as compared with warfarin in this population without routine laboratory measurement. Treatment with rivaroxaban was associated with less allcause healthcare resource utilization and reduced total medical costs, although total healthcare costs were not significantly different between groups. Further large prospective studies specifically in morbidly obese patients are needed in VTE treatment comparing outcomes of DOACs to warfarin.
Supplementary data to this article can be found online at https:// doi.org/10.1016/j.thromres.2019.08.021.
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